ABSTRACT The effect of altered alveolar-capillary permeability on angiotensin converting enzyme (ACE) activity in serum (SACE) was studied in 45 patients with sarcoidosis and 21 healthy controls. In sarcoidosis increased albumin concentrations in the bronchoalveolar lavage fluid (L albumin) and increased ratios of L albumin to albumin in serum (S albumin) indicated an increased permeability of the alveolar-capillary membrane. ACE activity in the lavage fluid (LACE) was correlated with the number of alveolar macrophages in controls, indicating that it may come from these cells. LACE was high in active sarcoidosis while in inactive disease it was similar to that in controls. SACE in sarcoidosis was significantly increased. Ninety per cent of patients with increased L albumin had increased SACE. SACE activity was significantly correlated with concentrations of L albumin and with LACE activity. The relationships between signs of increased membrane permeability and SACE and between LACE and SACE suggest that excess SACE in sarcoidosis may, at least partly, originate in the alveolar space.
In sarcoidosis increased angiotensin converting enzyme (ACE) activity in serum (SACE) have been reported by many authors.'`3 The source of this excess activity has not yet been clarified, however.
Angiotensin converting enzyme is known to exist on the luminal surface of endothelial cells in capillaries-for example, in the extensively vascularised normal lung.4 Thus increase of SACE could be due to an enhanced production and release from the endothelium during sarcoid inflammation of the lung.
As ACE has been shown immunohistochemically in epithelioid cells of sarcoid granulomas,5 these cells have been suggested as the most likely source of excess SACE,26 although ACE activity has also been found in alveolar macrophages.78 Since sarcoidosis is often accompanied by alveolitis with increased numbers of macrophages, possibly the excess SACE also comes from these cells. Previous analyses of ACE activity in bronchoalveolar lavage fluid (LACE) from patients with sarcoidosis have brought discrepant results. Alveolar cells have been reported as showing ACE activity that is greater than7 8 or similar to that of controls.9 In the supernatant Perrin-Fayolle'0 and Stanislas-Leguern" found raised ACE activity while Brambilla8 did not.
We studied the possibility that alveolar macrophages were the source of excess SACE by investigating the relationship between SACE, LACE, and signs of changed alveolar-capillary permeability in inactive and active sarcoidosis. The results were compared with the findings in healthy smokers and non-smokers. Albumin was chosen as indicator of permeability changes because it is believed to pass into the alveolar space by passive transudation from the serum. 1 2
Methods

SUBJECTS
The subjects consisted of 21 healthy volunteers (14 of them smokers), median age 27 (range 19-53) years, and 45 patients (nine of them smokers) with untreated sarcoidosis, median age 37 (range 25-62) years. In all patients the diagnosis was histologically proved by biopsy specimens from at least one organ or a positive Kveim test result or both.
Twenty two patients had clinically active 629 630 sarcoidosis. They showed progression on their chest radiographs over the previous six months and had one or several of the following symptoms: irritating cough, periods of low grade fever, dyspnoea on effort, a feeling of tiredness previously absent, and a recent weight loss of more than 3 kg.
Chest radiographic grades were: stage 0 (n = 2)-normal radiograph; stage I (n = 2)-bilateral hilar lymphadenopathy; stage II (n = 25)-bilateral hilar lymphadenopathy with parenchymal infiltration; stage III (n = 16)-solely parenchymal infiltration.
Lung volumes were measured by standard spirometry and the helium dilution technique. In controls the median vital capacity was 100% (range 85-116%) and the total lung capacity was 100% (81-114%) of predicted values."3 In inactive sarcoidosis the corresponding values were 94% (78-122%) and 93% (73-115%) and in active sarcoidosis 83-5% (59-97%) and 81-5% (62-100%).
BRONCHOALVEOLAR LAVAGE FLUID
After premedication with morphine and scopolamine, bronchoscopy was carried out with a flexible fibreoptic bronchoscope (Olympus 4B2) under local anaesthesia with 2% lignocaine. The bronchoscope was wedged in a bronchus in the middle lobe, and sterile saline solution at 37°C, buffered with sodium bicarbonate to pH 7 0, was instilled in six aliquots of 50 ml. An average of 70% (SD 2%) of the fluid was recovered in controls and 65% (1%) in patients with sarcoidosis. After each instillation the fluid was gently aspirated and collected in a siliconised plastic bottle placed on ice. The fluid was strained through a double layer of Dacron nets and then centrifuged at 400 g for five minutes at 4°C. The supernatant was removed and stored at -70°C. Cultures for tuberculous bacilli and fungi were negative in all cases. All subjects gave informed consent.
BRONCHOALVEOLAR LAVAGE FLUID ANALYSIS
Supernatants were concentrated by overnight dialysis (cutoff molecular weight 3500) against 30% w/v polyethyleneglycol 20000 at 4°C. The concentration factor was calculated from total protein determinations before and after dialysis. ACE was determined by the spectrophotometric method of Lieberman' and the enzyme activity expressed as U/ml of fluid (nmol hippuric acid/min/ml). To minimise the contribution of unspecific compounds to the absorbance at 228 nm, each sample of extracted hippuric acid was filtered through a separate Durapore filter of 0-22 gm. The intra-assay and interassay coefficients of variation were 4-1% and 3-7%. Eklund, Blaschke interassay coefficients of variation were 2-9% and 4*0%. Albumin was determined with a turbidometric immunoassay"5 using commercial antiserum (Dakopatts, Denmark) and a lyophilised reference serum of human origin (Seronorm protein, Nyegaard, Norway) as standard. Intra-assay and interassay coefficients of variation were 2% and 4%. Total quantities of ACE, albumin, and protein in bronchoalveolar lavage fluid (LACE, L albumin, and L protein respectively) were calculated as products of respective concentrations and the total volumes of lavage fluid. The total quantities rather than the concentrations were calculated to minimise the effect of fluctuations in recovered volumes. Normal values of the substances were defined as the range of two standard deviations above and below mean values of the control group.
The cell pellet was resuspended in 8-10ml saline.
Aliquots of 50jul were taken for total cell counts, which were made in a Burker chamber. centages of total cells more than 2 SD above the control mean value. Thus the proportion of raised lymphocyte percentages was high even in inactive sarcoidosis; it did not significantly differ from that in active disease.
ALBUMIN AND ACE IN LAVAGE FLUID IN CONTROLS
Data from the control subjects in this study are shown in the table. The total L protein and total L albumin of smokers and non-smokers did not differ (162 versus 13 7 mg and 6 versus 6-4 mg).
Within the control group total LACE activity was higher in smokers (n = 14) than in non-smokers (n = 7)-126.5 (86-3-174-3) U and 89 (81-112) Ubut the difference was not significant. In the controls total LACE activity was significantly correlated with the total number of macrophages (fig 1) .
Since this paper was submitted, further analyses of bronchoalveolar lavage fluid from healthy smokers and non-smokers have been carried out. On the basis of all the BAL fluid analysed, total LACE activity was 65 (56-84) U in 21 non-smoking controls and 127 (87-163) U in 23 smoking controls. This difference was highly significant (p < 0-001). A significant correlation between total LACE and the total number of macrophages was again seen in this extended series (r = 0-71, p < 0-001; n = 40).
ALBUMIN AND ACE IN LAVAGE FLUID IN SARCOIDOSIS
Results of the analysis of bronchoalveolar lavage fluid are summarised in the table. The total L protein was unchanged and both L albumin and the ratio of L albumin to S albumin (2p < 0 05) were only slightly increased in inactive sarcoidosis but all three indices were increased three to four times in active sarcoidosis (2p < 0-001; fig 2) .
Angiotensin converting enzyme activity in the total bronchoalveolar lavage fluid (LACE) in inactive sarcoidosis was similar to that observed in controls but was increased about twofold in active sarcoidosis (2p < 0 01; fig 3) . There was a decrease in the LACE/L albumin ratio in both inactive and active sarcoidosis. No relationship was found between LACE and the total number of macrophages in patients with sarcoidosis.
Frequencies of increased LACE and L albumin more than 2 SDs above the mean control values differed significantly (p < 0 01 and p < 0-001 respectively) between inactive and active sarcoidosis. While none of the 23 patients with inactive sarcoidosis had increased LACE, five of the 22 patients with active disease (27%) had increased levels. Similarly, only four (17%) of those with inactive disease but 17 (77%) of those with active disease had increased L albumin. No correlation was found between L albumin and SACE in inactive or in active sarcoidosis. There was, however, a significant correlation (r. = 0-45, p < 0-001; n = 45) when the coefficient was calculated for all patients together.
Twelve of 13 patients with increased total L albumin had increased SACE, and eight of 20 patients with normal total L albumin also had increased SACE. 
The present study was designed to investigate whether sarcoidosis is accompanied by increased permeability of the alveolar capillary membrane as earlier suggested,16 and whether such a change affects levels of ACE in serum.
Our findings of increased total L albumin and increased L albumin/S albumin ratios in sarcoidosis are in very good agreement with the previous report of Baughman,17 who calculated concentrations of albumin in the bronchoalveolar lavage fluid by using methylene blue as a dilution marker. The results suggest an increased alveolar-capillary permeability that may accompany sarcoid alveolitis.
Furthermore, the increase in L albumin was significantly more pronounced in active sarcoidosis, where alveolitis is probably more intense than in inactive disease.'8 This makes it conceivable that sarcoid alveolitis might be detected and the degree of inflammation estimated by the amount of total albumin in the lavage fluid. Furthermore, since total L albumin exceeds the control values in most patients with active sarcoidosis it might even be a better indicator of the intensity of the alveolitis than the percentage of bronchoalveolar lavage fluid lymphocytes. Lymphocyte percentages were high both in inactive and in active sarcoidosis, showing no significant increase with disease activity; and increased numbers of lymphocytes did not become more frequent with disease activity.
In the present study patients with sarcoidosis showed significantly increased SACE, especially in the presence of active disease. A possible source of increased SACE could be the endothelial cell damaged by the inflammatory process. Angiotensin converting enzyme has been shown to be increased both in bronchoalveolar lavage fluid and in serum in rats treated with agents toxic for the endothelium, such as bleomycin'9 and thiourea.20 Extensive studies on SACE, however, in various inflammatory lung diseases, where the endothelial cell is likely to be damaged, have rarely shown increased serum levels. 2' In sarcoidosis the excess SACE may originate, at least partially, in sarcoid granulomas2 I 6 within the lung and in extrathoracic locations. This could be the case especially in those of our patients who showed normal L albumin but raised SACE. We believe, however, that our results indicate that alveolar microphages could be another source of excess SACE in patients with sarcoidosis with increased permeability, for three reasons. Firstly, we found strong evidence for a relationship between LACE and the number of alveolar macrophages in healthy persons, suggesting although not proving that LACE may originate in these cells. This is supported by previous reports of ACE within alveolar macrophages.7 8 22 Secondly, we found a close relationship between excess SACE in sarcoidosis and signs of increased membrane permeability (as measured by total L albumin and L albumin/S albumin ratios). Almost all of our patients with increased total L albumin had high SACE. Furthermore, in the whole group of patients with sarcoidosis SACE and L albumin were correlated. We found no direct correlation, however, between total L albumin and SACE in inactive or active sarcoidosis per se. A possible explanation might be variability of macrophage activation and hence secretion of ACE in sarcoidosis, with large variations in LACE as seen in active disease (fig 1) . SACE levels affected by both changed permeability and varying degree of macrophage activation would not necessarily show a direct correlation with L albumin. Similar factors may affect LACE, which would explain why no correlation existed between LACE and the number of macrophages in sarcoidosis.
On the other hand, in healthy smokers with an intact membrane as indicated by low L albumin and low L albumin/S albumin ratios, SACE levels were normal despite high LACE. The findings suggest that membrane permeability is an important factor affecting levels of SACE. It offers, however, no clues concerning the origin of normal SACE activity in healthy persons. Our observation of higher SACE levels in non-smokers than in smokers makes macrophages an unlikely source of normal SACE activity. Thirdly, we found a highly significant correlation between levels of SACE and LACE both in inactive and in active sarcoidosis, suggesting that the lung space washed by bronchoalveolar lavage fluid may be a source of SACE. Direct evidence, firstly, for the origin of ACE in alveolar macrophages and, secondly, for its flow from the alveolar to the capillary space in sarcoidosis is, however, lacking. To find an answer to the first question, studies in cell cultures are in progress in our laboratory. Possibly, intra-alveolar application of labelled ACE followed by its analysis in serum could provide evidence for the second.
In conclusion, we suggest that in sarcoid alveolitis the permeability of the membrane increases, allowing more albumin to diffuse from serum to the alveolar space and, possibly, ACE to diffuse in the opposite direction. If ACE diffused from serum to the alveolar space concomitantly with albumin then the LACE x S albumin/SACE x L albumin ratio would not differ between controls and patients with sarcoidosis, whereas it did differ in our observations. On the other hand, if ACE is produced in the alveolar space and the membrane permeability is increased the ratio would decrease in sarcoidosis. This is in agreement with our findings.
